Using retinoblastoma incidence data from different parts of the world, Hooper (1999) reported that rates increased with annual ambient erythemal dose, suggesting that sunlight exposure is a causal factor. He further noted that the relation between retinoblastoma and annual erythemal dose was seen for unilateral but not bilateral tumours. The study included incident cases diagnosed during [1973][1974][1975][1976][1977][1978][1979][1980][1981][1982][1983][1984][1985][1986][1987] in areas participating in the Surveillance, Epidemiology, and End Results (SEER) programme of the US National Cancer Institute. However, the geographic analysis within the USA was based on rates for whites only with total retinoblastoma, while all areas were combined to provide rates among whites and blacks separately by laterality. Many more SEER cases are now available for further evaluation of the incidence patterns for unilateral vs bilateral tumours in the USA.
MATERIALS AND METHODS
Based on cases diagnosed during 1973-1995 among children aged 0-14 years, age-adjusted (1970 US population standard) retinoblastoma incidence rates in the USA were computed for each of the nine SEER areas with a population-based cancer registry (Ries et al, 1997; SEER, 1998) . Retinoblastoma cases were considered overall for whites and blacks and by laterality for whites. For other US ethnic groups, only the ratios of bilateral to unilateral cases were calculated because annual inter-censal population estimates for these ethnic groups are not available for the SEER areas (personal communication, Statistical Information Office, Population Division, US Census Bureau). For each SEER area, UV-B radiation levels in Robertson-Berger (R-B) units were estimated from a model including latitude, altitude, and cloud cover (Scotto et al, 1996) ; one minimal erythemal dose is equivalent to about 440 R-B counts. The log-transformed rates for total retinoblastoma and for unilateral vs bilateral tumours among whites were then regressed against log-transformed UV-B exposures, weighted by the inverse of the estimated variance of the log age-adjusted rates (SAS, 1992) .
For the international patterns, we used the cumulative retinoblastoma incidence among children aged 0-14 years during [1969] [1970] [1971] [1972] [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] provided by 66 population-based registries around the world as listed in Hooper (1999) . We classified registries according to race, economic development, and climate. Registries in Canada, Europe, Australia, and New Zealand were grouped as white, registries in Africa as black, registries in Asia as Asian and registries in the Caribbean, Central and South America as mixed races. Rates for the USA were available for blacks and whites. Areas were categorized as developed or developing following Parkin et al (1999) , while areas were classified as tropical or nontropical based on climatic status as defined by Rosenberg (1999). Hooper regressed the cumulative incidence rates on annual ambient erythemal dose weighted by population. However, data for the registries were collected during time intervals of various lengths, and weighting by population may not be the best approach. For example, the data collection period for Kuwait was 9 years during 1974-1982, whereas for Brazil (Fortaleza) it was 3 years during [1978] [1979] [1980] . In addition, when data include relatively small and large values, spanning several log scales, it is customary to use transformed values during analysis (Dowdy and Wearden, 1991) . Therefore, we regressed the log-transformed cumulative incidence rates on log-transformed annual ambient erythemal dose weighted by the number of cases, which approximates the inverse of the estimated variance. We then fitted the log-transformed incidence rates on race, economic development and climate to assess their impact on the international variation in retinoblastoma incidences independent of erythemal dose. We then re-examined the relationship of erythemal dose and retinoblastoma incidence after adjusting for the confounding factors.
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RESULTS
In our survey of retinoblastoma in the USA, a total of 358 cases of retinoblastoma were diagnosed among white children and 66 cases among black children during 1973-1995 in the nine SEER areas (Table 1 ). The total retinoblastoma incidence rate was similar among whites and blacks, 0.36 and 0.40 cases per 100 000 personyears, respectively. The rates for total retinoblastoma ranged from 0.26 per 100 000 person-years in Connecticut to 0.46 in Hawaii among whites, and from 0.00 in New Mexico and Utah to 1.02 in Hawaii among blacks. The rates in Hawaii were based on only seven cases in whites and two in blacks. Overall, the incidence of bilateral retinoblastoma was higher among blacks (0.14 cases per 100 000, based on 23 cases) than whites (0.09), though not statistically significant (P > 0.1). In contrast, the incidence of unilateral tumours was the same (0.26) among blacks and whites. The bilateral/unilateral case ratios were 0.37 for whites, 0.53 for blacks, 0.27 for Asians, 0.11 for American Indians, and 0.33 for other or unreported ethnicity (based on 350, 66, 33, 10, and 8 cases, respectively). Table 2 summarizes the regression of the log-transformed retinoblastoma incidence by laterality on log-transformed UV-B among whites in SEER areas. No significant relationship with UV-B exposure (P > 0.20) was seen for any of the retinoblastoma categories, and UV-B explained less than 1% of the variation in total retinoblastoma incidence.
Based on the international data, we replicated Hooper's regression of the rates on erythemal dose (Table 3 ). The regression of log-transformed retinoblastoma incidence on log-transformed annual erythemal dose was positive and statistically significant (P = 0.0014, R 2 = 0.1492). In univariate analyses, race was significant (P = 0.0129, R 2 = 0.1585), as was climate (P = 0.0008, R 2 = 0.1614) and economic development (P = 0.0147, R 2 = 0.0895) (data not shown). The erythemal dose coefficient was significant (P = 0.0379) after adjusting for economic development, but was not significant (P > 0.05) after adjusting for race, climate or the three factors simultaneously. The erythemal dose coefficient decreased from 0.23 to 0.14 as the R 2 increased from 0.1492 to 0.2547 with adjustment for the three factors. Notable were the elevated rates in areas characterized by a predominance of blacks The proportion of variation in retinoblastoma incidence explained by annual erythemal dose and other explanatory variables in the model.
or mixed races (Figure 1) , and the spread of rates according to economic development and climate (Figure 2 ). Race and climate explained a greater proportion of the variation in incidence than erythemal dose.
DISCUSSION
The absence of a UV-B gradient for retinoblastoma incidence in the SEER areas of the USA stands in contrast to the patterns described for sunlight-related cancers of the skin (Fears et al, 1976; Scotto et al, 1996) , uveal tract (Tucker et al, 1985) and conjunctiva (Sun et al, 1997) . Furthermore, our analysis of the international patterns of retinoblastoma suggests that tropical climate and exposure related to ethnic susceptibility and economic development may have confounded the association that Hooper (1999) reported with sunlight exposure. Our estimates of the slope and P-value using Hooper's method agree with his report of a significant erythemal dose gradient for retinoblastoma. When we used observed counts as a weight in a log-log model, the relationship remained significant, but it became nonsignificant after adjusting for economic development, race and tropical climate. In view of the elevated rates for unilateral retinoblastoma reported in a number of developing countries, particularly in tropical regions, attention should be given to the possible role of infectious agents or environmental exposures other than sunlight that are prevalent in these areas (Stiller and Parkin, 1996) . There are several models that can be used to estimate UV radiation, and variations in estimated values by these different methods are known to exist (Diffey and Elwood, 1994) . However, the estimates for the SEER areas by the method we employed and by the method used by Hooper (1999) were highly correlated (Pearson correlation coefficient = 0.95, P = 0.0003). Moreover, the relationship between retinoblastoma incidence and UV-B radiation levels in the SEER areas was not affected by the differences in methods.
In contrast to reports that unilateral retinoblastoma is more common in black than white children in the USA (Kramer et al, 1983; Stiller and Parkin, 1996) , an earlier report using 1974-1985 SEER data (Tamboli et al, 1990 ) and our updated analysis of SEER data through 1995 reveals that the incidence of unilateral tumours is similar in blacks and whites, while the incidence of bilateral tumours is non-significantly higher in blacks. Although the patterns of unilateral retinoblastoma in the USA have shown little variation by region or ethnic group, there is some indication that socioeconomic factors may play a role (Bunin et al, 1989) as in other parts of the world. The proportion of variation in retinoblastoma incidence explained by annual erythemal dose and other explanatory variables in the model. Based on data reported in Hooper (1999) Figure 2 Distribution of retinoblastoma incidence among children (0-14 years) according to tropical climate, economic development, and annual erythemal dose
